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SPECIFICATION 

PRODUCTION METHOD OF Ge-ADDED Nb 3 Al-BASED SUPERCONDUCTING WIRE 
Technical Field 

The present invention relates to a method of producing a Ge-added Nb 3 Al-based 
superconducting wire. 

Background Art 

Great expectations have risen for application of a Ge-added Nb 3 Al-based 
superconducting wire as a wire which can be used in strong magnetic fields of 2 IT or higher 
because it has higher upper critical magnetic field than practically used Nb 3 Sn superconducting 
wires. 

As to production method of a Ge-added Nb 3 Al-based superconducting wire, it is 
general to directly diffuse Nb together with Al or Al alloy, and high critical magnetic field can 
be obtained by simply heating at elevated temperatures. However, such heat treatment at 
elevated temperatures makes resultant crystal particles bulky, and critical current density 
practically required cannot be realized. Furthermore, since a practical strong magnetic field 
magnet is requested to realize high transport current from the view point of protection from 
quenching or the like, a practical wire should essentially have not only high critical current 
density but also high transport current. 

For improving characteristics of a Ge-added Nb 3 Al-based superconducting wire, two 
approaches have been proposed heretofore. 

In the first approach, heat treatment is conducted at low temperature so as to prevent 
crystal particles from becoming bulky, while a diffusing pair of Nb and Al alloy, namely the size 
of alloy core is reduced as small as possible, for example, less than or equal to 1 jam to 
destabilize a phase which is an intermediate compound, in order to improve the stoichiometry 
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of an A15 phase which is a superconducting phase. 

In the second approach, crystal particles are prevented from becoming bulky through 
short retention at an elevated temperature at which the A15 phase of stoichiometric composition 
is stable, followed by quenching if necessary. Also in this approach, it is preferred to reduce 
the size of the diffusing pair of Nb and Al. This allows Nb and Al to react in a very short time. 

As described above, in the conventional techniques, it is believed that the size of the 
diffusing pair of Nb and Al should be as small as possible. 

However, workability of Nb-Al-Ge composite material is very poor, and it is very 
difficult to incorporate a diffusing pair of fine Nb and Al alloy in a precursor wire. An 
Al-dissolved material containing an amount of Ge required to sufficiently improve 
characteristics exhibits a typical eutectic structure, and is so difficult to be processed that a small 
work may cause a crack. 

Therefore, it is the current state of the art that manufacture of a practical wire is 
difficult in the conventional approach of reducing the size of the diffusing pair of Nb and Al 
alloy. 

The present invention was devised in consideration of the above circumstance, and it 
is an object of the present invention to provide a method of producing a Ge-added Nb 3 Al-based 
superconducting wire capable of realizing a practical Ge-added Nb 3 Al-based superconducting 
wire for use in strong magnetic fields having high critical current density and transport current 
in magnetic field regions of 2 IT or higher. 

Brief Description of Drawings 

Fig. 1 is a photograph of a cross section of a composite multi-core wire produced in 
Example 1; 

Fig. 2 is a photograph of a traverse section of a tape produced in Example 1 after heat 
treatment; 

Fig. 3 is a graph showing dependency of critical temperature T c on core diameter of 
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Al-Ge alloy in Example 1; 

Fig. 4 is a graphs showing dependency of critical current density J c on core diameter of 
Al-Ge alloy in Example 1; and 

Fig. 5 is a graph showing dependency of critical current density J c on magnetic field in 
Example 1. 

Best Mode for Carrying Out the Invention 

In order to solve the above problems, the present invention provides a method of 
producing a Ge-added Nb 3 Al-based superconducting wire comprising the steps of preparing a 
composite multi-core wire in which a plurality of Al alloy cores containing 15 at% to 40 at% of 
Ge are arranged in Nb matrix at a core diameter of 2 |im to 20 \im; heating for at least five 
hours at a temperature ranging from 1300°C to 1600°C; and additionally heating at a 
temperature ranging from 650°C to 900°C. 

The method of producing a Ge-added Nb 3 Al-based superconducting wire of the 
present invention is based on an opposite idea to the conventional idea that the core diameter of 
Al alloy core, namely the size of diffusing pair is increased, and heat treatment is conducted at a 
relatively high temperature for a long time. 

Heretofore, it has been considered that heat treatment at not less than 1300°C for a 
retention time of at least five hours makes crystal particles bulky, making it difficult to obtain 
high critical current density. When the core diameter in Nb matrix of the Al alloy core 
containing 15 at% to 40 at% of Ge was increased in the range of 2 \xm and 20 jim, and heat 
treatment was conducted in the temperature range of 1300°C to 1600°C with a retention time of 
at least five hours, it was proved to be possible to stably obtain a peak effect that critical current 
density significantly increases in high magnetic field region of 2 IT or higher, and a Ge-added 
Nb 3 Al-based superconducting wire specialized in high magnetic current density was obtained. 
And by additionally heating at a temperature ranging from 650°C to 900°C after heating at a 
temperature ranging from 1300°C to 1600°C with a retention time of at least five hours, the A15 
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phase which is a superconducting phase is atomically ordered and the intensity of critical 
current density becomes 300 A/mm 2 at 4.2K and 2 IT, and 265 A/mm 2 at 22T. These values are 
much larger than values for Nb 3 Sn superconducting wires now practically available. 

Furthermore, in the method of producing a Ge-added Nb 3 Al-based superconducting 
wire according to the present invention, the high cooling speed is not always necessary so that it 
is possible to increase cross section area of a wire relatively easily and thus is able to obtain 
high transport current. Additionally, since quenching is no longer necessary, it becomes 
possible to employ "wind&react method" which is a practical production method of coil in 
which heating is conducted after winding a precursor wire in coil form. 

In the method of producing a Ge-added Nb 3 Al-based superconducting wire according 
to the present invention, Ge concentration in Al alloy is specified in the range of 15 at % to 40 
at%. When concentration of Ge falls within this range, high magnetic field characteristic and 
critical temperature of the Nb 3 Al-based superconducting wire are improved, and a balance in 
hardness is achieved between Al alloy core and Nb which is critical in wire-drawing process. 

Core diameter of Al alloy core is in the range of 2 urn to 20 jxm. This is because if 
the core diameter is less than 2 (im, the critical current density decreases, while if the core 
diameter is more than 20 jxm, volume of tetragonal compound increases due to heat treatment 
and critical current density decreases. 

The temperature of heat treatment ranges from 1300°C to 1600°C. At temperatures 
less than 1300°C, stoichiometry of the A15 phase which is a superconducting phase significantly 
decreases, whereas at temperatures more than 1600°C, crystal particles become bulky due to 
long-time heat treatment so that critical current density on the side of low magnetic field 
significantly decreases. 

The heat treatment time is at least five hours. This is for achieving homogenization 
of the A15 phase. 

The temperature range for additional heat treatment is from 650°C to 900°C. This 
temperature range provides atomic ordering of the A15 phase. 
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According to the method of producing a Ge-added Nb 3 Al-based superconducting wire 
of the present invention, it is possible to realize a practical Ge-added Nb 3 Al-based 
superconducting wire for strong magnetic fields having high critical current density and 
transport current in magnetic field regions of 2 IT or higher. 

In the following, the method of producing a Ge-added Nb 3 Al-based superconducting 
wire of the present invention will be explained in more detail by way of examples. 

Example 1 

A Nb pipe having an outer diameter of 20 mm and an inner diameter of 18 mm was 
charged with Al powders and Ge powers in an atomic ratio of 3: 1, and a composite material 
having an outer diameter of about 4.2 mm was prepared using a groove roller and a cassette 
roller dice. Seven pieces of the composite material were inserted into 7-core Nb rod, and 
subjected to wire-drawing to about 0.87 mm in outer diameter. Vickers hardness of the Nb 
matrix and the Al-Ge alloy core at this time were respectively 110 kgf/mm 2 and 105 kgf/mm 2 , 
so that balance in hardness was achieved. Then, 241 of the composite wire were inserted into 
a Nb pipe having an outer diameter of 20 mm and an inner diameter of 16 mm and the 
composite material wire was drawn to finally obtain an elongated composite multi-core wire 
having Nb/ Al-Ge diffusion pairs in which an outer diameter is 0.87 mm<(), the number of Al-Ge 
alloy core is 7x241, a core diameter of Al-Ge alloy core is about 8 |im. Fig. 1 is a photograph 
of a cross section of the elongated composite multi-core wire. 

This composite multi-core wire was subjected to rolling to obtain a plurality of tapes 
in which a core diameter of Al-Ge alloy core falls within the range of about 1 jjm to 8 jim. 
Next the resultant tape was subjected to heat treatment at 1400°C for 1 to 10 hours. A fine 
structure shown in Fig. 2 was formed in a traverse section. The window width was 0.24 mm. 
EDX measurement and X-ray diffraction measurement revealed that the white part in Fig. 2 was 
an A15 superconducting phase and the black part was a tetragonal compound phase. 

A critical temperature T c directly after heating the tape having a core diameter of 
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Al-Ge alloy core of about 8 jum at 1400°C for 7 hours was 17.7 K, and formation of 
superconducting phase was observed. As a result of additional heating of the tape at 800°C for 
10 hours, T c was rose to 18.1 K. This may be ascribed to improvement in atomic order of 
crystals of the A15 phase. 

Fig. 3 is a graph showing dependency of T c on Al-Ge alloy core diameter in the tapes 
after additional heating. As can be see from Fig. 3, in order to raise T c , it is necessary to select 
the core diameter of Al-Ge alloy core at 2 ^un or more. Furthermore, Fig. 3 shows that the heat 
treatment time should be at least five hours. 

Fig. 4 is a graph showing dependency of critical current density J c on core diameter. 
As can be seen from Fig. 4, in order to obtain excellent J c as well as T c , it is necessary to select 
the core diameter of Al-Ge alloy core at 2 jjjn or more, and the heat treatment time should be at 
least five hours. 

Fig. 5 is a graph showing dependency of of J c on magnetic field of the tape having 
subjected to heat treatment at 1400°C for 7 hours followed by additional heat treatment at 
800°C for 10 hours and having a core diameter of Al-Ge alloy core of 8 fim. A peak effect that 
J c is larger on the high magnetic field side was observed. J c was 300A/mm 2 at 4.2 K and 21T, 
and 265 A/mm 2 at 22T. When the temperature of heat treatment was 1200°C, about 30 A/mm 2 
at most was obtained even at 17T, and on the further higher magnetic fields, the characteristics 
were much deteriorated. 

Example 2 

As is the same with Example 1, a composite multi-core wire having an outer diameter 
of about 2 mm, the number of Al-Ge alloy core of 7x241x15 and a core diameter of Al-Ge alloy 
core of about 4 |im was prepared. This composite multi-core wire was subjected to heat 
treatment at 1400°C for 7 hours, followed by additional heat treatment at 800°C for 10 hours. 
As a result, a critical current at 2 IT exceeded 300A. 

From the Examples 1 and 2, it was confirmed that a Ge-added Nb 3 Al-based 



superconducting wire exhibiting not only high critical current density but also high critical 
current can be prepared. 

Of course, the present invention is not limited to examples as described above. It 
goes without saying that as to the details, various forms are acceptable. 

Industrial Applicability 

A Ge-added Nb 3 Al-based superconducting wire produced by the method of producing 
a Ge-added Nb 3 Al-based superconducting wire of the present invention exhibits high critical 
current density and high transport current in high magnetic field region of 2 IT or higher, 
making it possible to realize a magnet generating such a high magnetic filed that can never be 
achieved in conventional techniques. Stronger magnetic field of NMR magnet will be 
promoted. Stronger magnetic field of a multi-purpose high magnetic field magnet for physical 
property and the multi-purpose high magnetic field magnet with compact size will be promoted. 
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